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DIFFERENTIATING LAYERS OF NEONATAL 
MOUSE EPIDERMIS 
ALLAN BALMAIN, B.Sc., PH.D. 
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Mouse epidermis can be induced to undergo sequential waves of proliferation and 
keratinization by treatment with the tumor promoter TPA (12-0-tetradecanoyl-phorbol-13-
acetate). This model system offers a unique possibility to study the synthesis of differentia-
tion-specific proteins in the epidermis. During these studies it could be shown by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis that several previously undetected pro-
teins appear in the epidermis during the phase of differentiation. These have been 
fractionated according to solubility in 1 M phosphate buffer, pH 7.0, or 0.1 M sodium citrate 
buffer, pH 2.6. 
Of the soluble proteins , a band of approximate molecular weight 13,500 (band 1) appears 
early during the differentiative phase (24 hr after treatment with TPA). Another previously 
undetected protein of approximate molecular weight 27,000 (band 2) appears in the soluble 
fraction after 48 hr, at a time when many of the typical manifestations of increased 
keratinization can be observed. Both of these soluble proteins , although not detectable in 
normal adult mouse epidermis , are shown to be present in newborn mouse epidermis , which 
demonstrates histologically a well-developed layer of keratinizing and cornified cells. In 
addition, by separation of neonatal and TPA-treated adult mouse epidermis into " basal" and 
" cornified" layers, it could be demonstrated that these two proteins are localized exclusively 
in the upper layer of the epidermis. 
The cells of mouse epidermis undergo a well -
characterized series of morphologic and biochemi-
cal changes during maturation of the relatively 
undifferentiated cells of the basal layer to the fully 
keratinized cells of the stratum corneum . Many 
workers using a variety of different techniques 
have attempted to elucidate the biochemical path-
ways involved in the control of these highly compli-
cated processes. The studies of Ugel [1]. Tezuka 
and Freedberg [2], and Bernstein et al [3] have led 
to the isolation and characterization of cellular 
organelles, such as keratohyaline granules and 
tonofilaments which are considered to be mor-
phologic markers for epidermal differentiation. 
However, in spite of the vast amount of work and 
effort which has been expended in this field , no 
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uniform picture of the nature of the critical steps 
controlling cell differentiation and death has 
emerged. 
Most studies in this field to date have been 
carried out using embryonal or neonatal 'rat skin, 
mainly since this provides a rich source of differen-
tiated cellular material. In this study a slightly 
different approach has been used, namely to make 
use of the ability of the tumor promoter TPA 
(12-0-tetradecanoyl -phorbol-13-acetate) [4] to 
stimulate cellular proliferation and differentiation 
in adult mouse epidermis . Treatment of adult. 
mouse epidermis with very low concentration of 
TPA induces a sequential series of events involving 
the stimulation of the synthesis of phospholipids 
[5], RNA, protein , and DNA [6-8], eventually 
culminating in cell division. Mitosis is subse-
quently followed by a wave of differentiation which 
has been characterized morphologically [9,10]. In 
addition, recent results have shown that the wave 
of DN A synthesis induced by TP A is followed by a 
stimulation of the synthesis of a "histidine-rich 
protein" (HRP) [11]. 
This system seemed to constitute a highly suita-
ble model with which to study the genetic and 
cytoplasmic events controlling epidermal keratini-
zation . Since one is dealing here with a wave of 
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keratinization, this system provides a unique op-
portunity to investigate the kinetics of formation of 
the cornified cells in the upper epidermal layers. In 
this investigation a study has been undertaken of 
the synthesis of specific proteins related to epider-
mal keratinization, i.e., the putative "keratin pre-
cursors" during the phase of differentiation follow-
ing TPA treatment. Certain small-molecular-
weight proteins, not detectable in normal adult 
epidermis, are synthesized during the differentia-
tive phase; these proteins are also present in the 
keratinizing cell layers of neonatal mouse epider-
mis and they may have possible significance as 
biochemical markers of epidermal differentiation . 
MATERIALS AND METHODS 
In experiments with adult mice, 7- to 8-week-old 
female NMRI mice were used . The animals were main-
tained in a climatized room with an artificial inversed 
day-night rhythm, with water and food (Altromin 
GmbH, 4937 Lage Lippe, West Germany) available ad 
libitum . The back skins of the mice were shaved 1 to 2 
days prior to the experiment. TPA was a gift from Prof. 
Dr. E. Hecker, Institute of Biochemistry, German Cancer 
Research Centre, Heidelberg. Treatment of mice: Ani-
mals were treated with TPA (0.02 Ilmole) dissolved in 100 
III of acetone at 8:00 AM. Groups of 4 to 6 animals were 
killed at 12-hr intervals and the epidermal fractions 
prepared as follows: Excised skins were pinned dermis 
down onto cork plates and treated with a depilatory 
cream for 3 to 4 min at 4°C. The skins were then washed 
in ice water and the epidermis removed by gentle 
scraping with a scalpel. Epidermal fractions were frozen 
at -70°C until use. An alternative method involved 
treatment of the dead mice with a mixture of collophon-
ium/wax at 55-60°C. The hair could be removed by 
pulling off the solidified wax layer. Skins were subse-
quently macerated in 0.5 % acetic acid for 12 to 16 hr at 
4°C, after which the epidermis could be cleanly removed 
with tweezers under a stereomicroscope. The quality of 
both epidermal preparations was checked histologically. 
The epidermis of neonatal mice was also prepared by 
maceration in 0.5 % acetic acid. The epidermis of neona-
tal mice and of adult mice 72 hr after treatment with 
TPA could be further subdivided into " basal " and 
"cornified" cell fractions by micromanipulation under a 
stereo microscope . 
Preparation of Protein Fractions for Sodium Dodecyl 
Sulfate-Polyacrylamide Gel Electrophoresis 
,(SDS-PAGE) 
Tissue· fractions were normally homogenized in water 
using a Potter-type glass/Teflon homogenizer driven at 
3000 rpm for 2 min at O°C . SDS and t1-mercapto ethanol 
(ME) were added to final concentrations of 2% and 1 %, 
respectively, and the homogenate was heated at 
95-100°C for 5 min. Fractions were then centrifuged at 
10,000 x g for 15 min and the resulting supernatant 
fractions were dialyzed against 1:4 diluted electrophore-
sis buffer overnight. 
Soluble Proteins of Mouse Epidermis 
Tissue fractions were homogenized either in 1 M K 
phosphate buffer, pH 7.0 (1 ml/epidermis) at 1O-15°C or 
in 0.1 M Na citrate buffer, pH 2.6. Extraction with 
phosphate buffer was carried out by shaking the homoge-
nate in a water bath at 37°C for 30 min. In some 
experiments , 0.05 M Na bisulfite was added to the 
extracting medium during the incubation to inhibit 
histone protease activity [12). Extraction with 0.1 M N a 
citrate buffer was carried out at 4°C for 15 min. 
Phosphate extracts were centrifuged at 50,000 x g for 1 
hr and the resulting supernatant fractions were dialyzed 
against 2 changes of distilled water (100 vol) at 4°C for 24 
hr. SDS/ME was added to final concentrations of 2% and 
1 %, respectively, the mixtures were heated at 100°C for 5 
min , and dialyzed as previously described in preparation 
for SDS-PAGE. Extracts prepared with Na citrate buffer 
were treated directly with SDS/ME and dialyzed. 
SDS-PAGE 
SDS-PAGE was carried out in a vertical slab gel 
apparatus using essentially the procedure of Weber and 
Osborn [13] . Fractions were run either on 7-15 % poly-
acrylamide gradient.s or on homogeneous 12 % gels ac-
cording to the molecular weight range and degree of 
separation required. Samples containing 10-l00 Ilg pro-
tein in 5-100 III solution were normally loaded onto gels . 
Staining of gels was routinely carried out with 0.25 % 
Coomassie blue in 7% acetic acid. Destaining was by 
diffusion in 7% acetic acid . For the specific reddish 
staining of protein band 2, most reproducible results were 
obtained using freshly prepared Coomassieblue R-250 in 
0.1 M Tris-HCI, pH 8.9, for 2 hr. Gels were scanned at 590 
or 524 nm with a Gilford 240 recording spectrophotometer 
equipped with a linear density gradient scanner. Appar-
ent molecular weights were calculated from mobilities on 
SDS gels using the following proteins as standards: 
bovine serum albumin, egg albumin, bovine chymotryp-
sinogen A, horse myoglobin, and cytochrome C. 
Preparation of Epidermal Histones 
Epidermal histones were prepared by a method involv-
ing centrifugatiol) of crude nuclear fractions through Tris 
buffer (50 mM Tris-HCI , 25 mM KCl , 10 mM MgC1 2 , 50 
mM Na bisulfite, pH 7.5) containing 1.7 M sucrose. The 
nuclear fraction was washed with 0.14 M NaCl in 10 mM 
Tris-HCI, pH 7.5, followed by extraction with 0.25 N HCl 
twice for 15 min at O°C. Histone extracts were dialyzed 
against 5 mM HCl overnight , freeze-dried , and prepared 
for SDS-PAGE or acidic-urea polyacrylamide gels as 
described by Panyim and Chalkley [14]. Purity of epider-
mal histones was tested by comparison with histones 
from mouse liver on both acidic and basic gel systems. 
Isolation of HRP from TPA-Treated Adult Mouse 
Epidermis 
Isolation of a HRP fraction from total TPA-treated 
adult mouse epidermis was carried out according to the 
method of Sibrack, Gray, and Bernstein [15], up to the pH 
4.5 precipitation step. The precipitated material was 
taken up in Na 2CO a and aliquots were prepared for 
SDS-PAGE. The isolation was carried out 72 hr after the 
application of TPA. 
RESULTS 
Treatment of mouse epidermis with TPA in-
duces the sequence of morphologic changes shown 
in Figure 1. The normal mouse epidermis contains 
1 to 2 cell layers with no obvious stratum spinosum 
or evidence of keratohyaline granules (Fig. 1a). 
Twenty-four hours after treatment, the epidermis 
has reached 4 to 5 cell layers in thickness but no 
morphologic signs of increased differentiation can 
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FIG. 1. Histologic changes induced in mouse skin by 
treatment with TPA (0-, 02 JLmole) (H & E, x 150). a: 
Control skin; b: 24 hr after tr:eatment; c: 36 hr after 
treatment; d: 72 hr after treatment. 
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be observed (Fig. Ib). Around 36 hr after applica-
tion of TPA, the nuclei in the upper layers become 
more flattened in appearance and keratohyaline 
granules appear in the cytoplasm (Fig. Ie). The 
degree of differentiation increases roughly until 
about 72 hr after treatment (Fig. Id), at which 
time the epidermis resembles in many ways that of 
neonatal mouse. 
Examination of the total proteins in mouse 
epidermis which could be extracted with hot 
SDS/ME showed that treatment with TPA caused, 
after 48 hr, an increase in the intensity of 2 bands 
corresponding to proteins of approximate molecu-
lar weight 52,000 (Fig. 2). Other minor changes 
were also observed, but these could not be properly 
quantified owing to the amount and diversity of 
the proteins extracted in this medium. The situa-
tion could be considerably clarified and more 
specific changes observed when the epidermis was 
fractionated into 1 M phosphate buffer-soluble and 
-insoluble components. 
Phosphate buffer (1 M) was originally used by 
U gel [1] to extract keratohyaline granules from 
cows ' hooves, and has been more recently em-
ployed by Sibrack et al [15] as a first step in the 
. ,.4-
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FIG. 2. Total proteins of mouse epidermis (prepared by 
scraping technique) solubilized in hot SDS/ME. n = 
Control epidermis; TPA = epidermis removed 48 hr after 
treatment with TPA (0.02 JLmole). Twelve percent SDS-
PAGE. Protein (50 JLg) from each fraction was loaded onto 
the gel. 
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isolation of HRP from neonatal rat epidermis . 
SDS-polyacrylamide gels of the phosphate-soluble 
proteins of adult mouse epidermis at various times 
after treatment with TPA are shown in Figure 3. 
The first obvious effect is that a band correspond-
ing in mobility to mouse serum albumin increases 
in intensity around 4 to 12 hr after treatment, 
probably owing to the pronounced edema which 
develops during this time. After 24 hr, a previously 
undetected protein of apparent molecular weight 
13,500 appears in the gels (protein band 1, Fig. 3). 
The intensity of this band in stained gels increases 
in parallel with the degree of differentiation of the 
epidermis, reaching a maximum at 72 hr after 
application of the tumor promoter. A second previ-
ously undetected protein of apparent molecular 
weight 27,000 (band 2) appears between 36 and 48 
hr after treatment and increases in intensity until 
72 to 80 hr. Under certain conditions , band 2 was 
observed to be further separated into 2 distinct 
fractions on SDS gels (data not shown). In an 
investigation designed to determine the staining 
characteristics of differentiation-specific proteins 
on polyacrylamide gels, it was discovered that this 
particular protein could be specifically stained red 
with freshly prepared Coomassie blue R-250 at pH 
8.9. This considerably facilitated its detection on 
polyacrylamide gels and its distinction from other 
bands with similar mobilities. The absorption 
spectrum of band 2 exhibited a peak at 524 nm 
which was not present in the spectrum of the other 
blue-colored bands. Figure 4 shows the result of 
scanning the gel of the phosphate-soluble proteins 
from TPA-treated epidermis (72 hr after treat-
ment) at 2 different wavelengths. It can be seen 
that on changing from 590 to 524 nm, band 2 is 
increased in intensity, whereas all blue-stained 
.-Ser 
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F'~G . 3. Phosphate-soluble proteins in mouse epidermis 
'It dIfferent times after treatment with TPA (0.02 J.Lmole). 
~umbers refer to hours after application of the tumor 
,}romoter. The band corresponding to serum albumin is 
.ncreased in intensity between 3 and 12 hr after treat-
:nent (arrow). Band 1 appears between 12 and 24 hr and 
1and 2 at 48 hr. Band 2 could be detected because ~f Its 
;pecific reddish staining with Coomassie R-250. Proteins 
v~re run on a 7-15% SDS-PAGE. Fifty J.Lg of each pro-
em fraction were applied to the gel. 
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FIG. 4. PAGE of the phosphate buffer-soluble proteins 
in mouse epidermis 72 hr after treatment with TP A. Gel 
was scanned at 524 and 590 nm in order to demonstrate 
the differential absorption between the red-staining 
(band 2) and the blue-staining (band 1) protein bands. 
Direction of migration is from right to left. 
bands are considerably decreased. Several other 
low-molecular-weight bands which are present 
only in minor amounts are also red-stained, as 
demonstrated by this method (arrows, Fig. 4). 
The proteins of molecular weight 52,000 which 
appeared in the epidermis 48 hr after treatment 
with TPA (Fig. 2) were not localized in the 
phosphate-soluble fraction and have not as yet 
been further investigated . 
Because of the relatively low molecular weights 
of bands 1 and 2, the possibility had to be 
considered that they arise by degradation of other, 
larger molecules by proteolysis. Proteolytic activ-
ity has been implicated in.the mechanism of action 
of TPA [16], and many proteins , for example 
histones , are notoriously susceptible to degrada-
tion [17). In order to check possible histone degra-
dation, total histones were isolated from mouse 
epidermis at various times after treatment with 
TP A. SDS-polyacrylamide gels of histone fractions 
are shown in Figure 5. The individual histone 
fractions were identified by comparison with total 
histones from mouse liver on both acidic and basic 
polyacrylamide gel systems. No differences in the 
relative concentrations of individual histones were 
observed at different times after treatment with 
TPA, i.e., during the phases of proliferation and 
differentiation. Most importantly, no bands were 
observed in the histone fractions at any time that 
corresponded with the "new" bands 1 and 2 which 
appear during the wave of keratinization. It is 
therefore unlikely that these proteins arise by 
proteolytic degradation of histones in vivo . It is 
also improbable that the proteins appear as a 
result of proteolytic action in vitro, during the 
incubation at 37 °C with phosphate buffer, since 
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FIG. 5. Comparison of the phosphate-soluble proteins 
band 1 and band 2 with mouse epidermal histones at (a) 
o hr (control), (b) 48 hr, and (c) 72 hr after treatment with 
TPA (0.02 t-tmole); (d) shows the total phosphate-soluble 
fraction at 72 hr and (e) the corresponding "histidine-rich 
protein" fraction isolated as described in Materials and 
Methods. Seven to 15 % gradient SDS-PAGE. 
addition of relatively high concentrations of N a 
bisulfite, a known inhibitor of proteolytic enzymes, 
did not in any way alter the observed gel patterns . 
Comparison of Band 1 and 2 with the HRP 
Fraction of Total Mouse Epidermis 
Berstein and co-workers have isolated HRP from 
the differentiating cells of neonatal rat epidermis 
using a method based on extraction with phos-
phate buffer, reaggregation of keratohyaline gran-
ules by dialysis, and further extraction with 8 M 
urea in Tris buffer [15]. When HRP is isolated 
using a similar method (up to the pH 4.5 precipita-
tion step) from adult mouse epidermis 72 hr after 
treatment with TPA, i.e ., when the phase of 
differentiation is at a maximum, a fraction is 
obtained which is clearly enriched in the protein 
band 2 described previously (Fig. 5e). The band 
. marked with an arrow is identical both in mobility 
on SDS-PAG E and in staining characteristics with 
protein band 2. The -positive identification of band 
2 as a HRP, however, must await its isolation in 
pure form and detailed analysis of its amino acid 
composition. 
Extraction of Mouse Epidermis with 0.1 M Na 
citrate buffer, pH 2.6 
Several workers have employed Na citrate buffer 
to solubilize the proteins of cornified cells [18,19], 
and in particular Skerrow, Matoltsy, and Matoltsy 
[19] have reported that this medium extracts 
"prekeratin" from cow-snout epidermis. The pro-
teins extracted by N a citrate buffer from normal 
and differentiating (TPA-treated, 72 hr after appli-
cation) mouse epidermis are shown in Figure 6. 
Both the newly occurring proteins are soluble in 
the citrate medium. 
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Proteins Present in Basal and Cornified Layers of 
Neonatal and TPA-Treated (72 hr) Mouse Epider-
m~s 
In comparison with adult epidermis, neonatal 
mouse epidermis is much thicker and contains a 
distinct layer of flattened spinosum cells packed 
with keratohyaline granules (Fig. 7a). Maceration 
of mouse skin in dilute acetic acid has been used to 
separate the dermis from epidermal tissue [20]. We 
found this method to be particularly suitable for 
the preparation of intact neonatal mouse epider-
mis (Fig. 7 b), especially since a further subdivision 
of the tissue into basal and differentiating cell 
layers was possible (Fig. 7 c, d). Histologic investi-
gation of the layers obtained by micromanipula-
tion showed that the cleavage takes place within 
the stratum granulosum, with many granule-con-
taining cells remaining attached to both basal and 
cornified layers. Similar results were obtained with 
adult epidermis 72 hr after treatment with TPA. 
Normal adult epidermis, which comprises only 1 to 
2 cell layers (Fig. 1a) was not amenable to subdivi-
sion by this method. 
The proteins of the two separated layers of 
neonatal mouse epidermis were solubilized as de-
scribed in Materials and Methods and run on 
SDS-PAGE. A typical gel is shown in Figure 8. It 
can be seen that the patterns obtained from the 
separated epidermal fractions exhibit several criti-
cal differences. Almost all of the histones are found 
in the basal cell fraction, as determined by com-
parison with authentic samples of histones, 
whereas the protein band 2 which appears during 
the phase of differentiation in adult mouse epider-
mis can be detected only in the upper, keratinized 
layer of neonatal epidermis. This protein band 
could be localized by the specific staining method 
prevously described. Exactly analogous results 
" .. ~ 
, 
j 
! . 
I 1:..:·Band -1 
I 
FIG. 6. Citrate buffer (0.1 M, pH 2.6)-soluble proteins 
in control (a) and TPA-treated mouse epidermis (b). 
Epidermis was prepared 72 hr after treatment. For com-
parison, total phosphate-soluble proteins from TPA-
treated epidermis (72 hr) are shown (c). Seven to 15% gra-
dient SDS-PAGE. 
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FIG. 7. Separation of neonatal mouse epidermis into "basal" and "cornified" layers by macera tion in 0.5% acetic 
acid. a: T otal neonatal mouse skin . b: Epidermis separated aft er treatment with acetic acid. c: Basal layer. d: Cornified 
layer. H & E stain, x 150. Keratohyalin e granule-containing cells can be seen in each of the separated layers (arrows) . 
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FIG. 8. Comparison of bands 1 and 2 with total and 
phosphate-soluble proteins of different layers of neonatal 
mouse epidermis. a: Total phosphate-soluble proteins in 
TPA-treated (72 hr) adult epidermis, showing bands 1 
and 2. b: Total proteins in the " basal " layer of neonatal 
mouse epidermis. c: Total proteins in the " cornified" 
layer of neonatal mouse epidermis ; d, e, and f show the 
phosphate-soluble protein fractions of different layers of 
neonatal mouse epidermis. d: Cornified layer, showing 
the presence of band 2 (arrow) and a faint band corre-
sponding to band 1 (arrow). e: Total epidermis. f: Basal 
layer. Seven to 15% SDS-PAGE. 
were obtained using the separated layers of TPA-
treated adult mouse epidermis. 
The difference between the basal and differenti-
ating layers of neonatal epidermis becomes more 
apparent in gels of the phosphate buffer-soluble 
proteins of each fraction (Fig. 8d-f) . The phos-
phate buffer-soluble proteins of the basal layer are 
mainly histones, whereas the keratinized layer con-
tains very few histones but all of the detectable 
protein band 2. A faint band corresponding to band 
1 was observed in the upper layer of neonatal epi-
dermis (Fig. 8d, lower arrow). The faintness of the 
band could be due to the fact that the protein of 
band 1 is highly diffusible and could be extracted 
into the acetic acid used to separate the dermis 
from the epidermis. It was subsequently shown 
that separation of TPA-treated (72 hr) epidermis 
using 0.5% acetic acid resulted in the almost quan-
titative extraction of band 1 into the medium. The 
separation of neonatal epidermis using acetic acid, 
therefore , probably leads to the partial loss of this 
particular protein. 
DISCUSSION 
The data presented in this report demonstrate 
that 'several previously undetected proteins appear 
in adult mouse epidermis during the wave of 
keratinization induced by treatment with the 
tumor promoter. 
Two of the proteins are of approximate molecu-
lar weight 52,000 (Fig. 2) and appear in the 
phosphate buffer-insoluble fraction around 48 hr 
after treatment with TPA. These proteins can only 
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be solubilized by treatment with hot SDS/ME as 
described in Materials and Methods or with 8 M 
urea at pH 9.0 (data not shown). These solubility 
characteristics [2], together with the fact that the 
proteins are increased in intensity during the phase 
of keratinization, suggest that they may be related 
to the highly insoluble a-fibrous tonofilament 
proteins which have been shown by other workers 
to be in this molecular weight range [21]. They will 
be the subject of future investigations in this 
laboratory. 
Of the other new proteins which are soluble in 1 
M phosphate buffer, band 1 has an apparent 
molecular weight of about 13,500, seems to be 
highly diffusible, and is observed very early in the 
phase of differentiation. The other protein (band 2) 
appears around 36 to 48 hr after treatment and has 
an apparent molecular weight of about 27,000. The 
kinetics of the appearance and disappearance of 
these proteins during the differentiation of the 
epidermis suggest that they may play a role in 
epidermal keratinization, but concrete evidence for 
this has not yet been obtained. 
If these newly occurring proteins have anything 
to do with the process of keratinization, one might 
expect that they would be found in neonatal mouse 
epidermis, which has a thick layer of flattened, 
kera tohyalin -containing cells and a thicker stra-
tum corneum than normal adult mouse epidermis. 
On investigation of the total and phosphate-solu-
ble proteins of neonatal mouse epidermis, it was 
found that protein band 2 was indeed present and 
furthermore that it could be detected only in the 
upper fraction of the tissue (Fig. 8). A band 
corresponding in mobility to band 1 was also 
detected in the upper layer but was of relatively 
low intensity for the simple reason that it is fairly 
soluble in the acetic acid used to separate the 
dermis from the epidermis. This could be demon-
strated by subjecting differentiating adult epider-
mis (72 hr after treatment with TPA), which has 
been shown to contain protein band 1 when pre-
pared by the scraping technique, to the same 
separation conditions as neonatal mouse epider-
mis. Only a very faint band corresponding to band 
1 was observed in the epidermis after separation in 
acetic acid, and subsequent investigation of the 
proteins in the freeze-dried acetic acid extract by 
SDS-PAGE showed that band 1 had been solubil-
ized by the medium. 
It can therefore be said that the occurrence of 
these two proteins can be correlated with the 
pronounced keratinization which is observed in 
neonatal mouse epidermis and in adult epidermis 
treated with TPA. Studies are presently under way 
to characterize these two proteins biochemically 
and immunologically, with a view to elucidating 
their possible role in the process of differentiation. 
The localization of band 2 in the upper cell 
layers of the epidermis and its presence in the HRP 
fraction (Fig. 5e) at first suggested that it could be 
a constituent of keratohyaline granules. However, 
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detailed histologic examination of the layers ob-
tained by micromanipulation showed that the 
cleavage takes place within the stratum granulo-
sum, with many keratohyaline granule-containing 
cells remaining with the basal cell layer. The fact 
that protein band 2 could not be detected at all in 
the basal layer using the present techniques (Fig. 
8) therefore makes it unlikely that it is a compo-
nent of keratohyaline granules. Recent results from 
this laboratory (unpublished data) have shown 
that band 2 is the major protein in a gr~)Up of 
low-molecular-weight proteins which is synthe-
sized at a specific time during embryonal develop-
ment. As such, band 2 may be analogous to the 
"amorphous proteins" which appear at a similar 
stage in the development of chick embryo epider-
mis [22,23]. The particular staining characteristics 
of this protein on polyacrylamide gels are interest-
ing, and could be attributable to its particular 
amino acid composition. The possibility that band 
2 is a glycoprotein was eliminated by carrying out a 
test for glycoproteins using the periodic acid-Schiff 
(PAS) reagent [24]. 
The studies of Baden and Bonar [18] and of 
Skerrow, Matoltsy, and Matoltsy [19] have shown 
that Na citrate buffer at pH 2.6 extracts an 
a-fibrous protein from mammalian epidermis. The 
solubility of protein band 1 and 2 in the same 
buffer, however, cannot be interpreted as meaning 
that these proteins are necessarily in any way 
related to the so-called prekeratin. Prekeratin has 
recently been identified as an a-helical protein 
comprising 3 subunits of molecular weights 72,000, 
60,000, and 60,000 [25]. The low molecular weights 
of bands 1 and 2 therefore rule out any obvious 
relationship to this a-fibrous precursor of epider-
mal keratin . 
Normal adult mouse epidermis does not contain 
any detectable amounts of the protein bands 1 and 
2. One could assume that, since keratinization also 
takes place in normal epidermis, the proteins will 
be present but only in very small amounts which 
are not detectable on polyacrylamide gels. There 
is, however, one other possibility, namely that a 
different type of keratin is synthesized in TPA-
treated adult epidermis and in neonatal epidermis. 
In this context, it is noteworthy that a "dediffer-
entiation" of epidermal cells has been reported af-
ter treatment with the tumor promoter [10]. Elec-
tron microscopic studies suggested that cells of the 
stratum spinosum dedifferentiated after treatment 
with TPA and took on the appearance of basal or 
embryonic cells. This phenomenon is widely known 
in the literature on regenerative systems [26] and 
is generally presumed to be a prelude to a burst 
of DNA synthetic activity and cell division. If this 
is the case for TPA-treated adult mouse epider-
mis, one could imagine that a reprogramming of 
the genes required for keratinization takes place, 
the result being that a more "embryonal" type of 
keratin is synthesized. 
Some previous investigations on the effect of 
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TPA on protein synthesis in mouse epidermis have 
been reported [27]. The authors noted the appear-
ance of a "rapidly migrating" protein fraction on 
polyacrylamide gels 48 hr after treatment with the 
tumor promoter. Also observed was the enhance-
ment of a relatively slowly migrating fraction 3 hr 
after treatment. In light of the results presented 
above, the rapidly migrating fraction probably cor-
responds with protein band 1, whereas the other 
enhanced fraction could be serum albumin, which 
we also observed to be increased in intensity 
owing to the pronounced edema which follows ap-
plication of TPA. These workers attempted to 
correlate the observed changes in proteininten-
sities with the tumor-promoting activity of TPA, 
and did not take into account the profound changes 
in morphology of the epidermis which occur during 
the phases of proliferation and differentiation. 
I am grateful to Mr. J. Fischer for his excellent 
technical assistance and to Prof. Dr. Kl. Goerttler for his 
encouragement. 
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